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(54) RF transponder with resonant crossover antenna coil 

(57) An RF transponder couples the outer end (14) 
of a coiled antenna winding (4) to a transponder circuit 
(8) located inside the winding (4) by a lead line (1 6) that . 
crosses over the winding turns and is separated from the 
winding (4) by a dielectric material. The width of the lead 
line (16) is substantially greater than the antenna line 
width, yielding capacitances at the crossover sites that 
establish a resonant frequency for communicating with 
the transponder circuit (8) at a predetermined RF fre- 
quency. An optional discrete capacitor (20) can also be 
used to boost the capacitance to a desired level. All of 
the transponder components are formed on one side of 
a flexible substrate (2), the opposite side of which is 
coated with an adhesive that is covered by a peel-off 
sheet, allowing the transponder to be affixed to packages 
as a part of a package identification system. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

This invention relates to RF (radio frequency) trans- 
ponder systems, and more particularly to transponder 
systems with a self-resonant antenna implemented on 
one side of a substrate that can be affixed to an object 
to be identified. 

Description of the Related Art 

The development of machine readable identification 
tags for applications such as airport luggage systems 
and package identification has allowed for more efficient 
and cost effective identification. Bar-coded labels are 
most popularly used for this purpose. The labels are flex- 
ible and have an adhesive coating on their rear surface 
that allow them to be applied to objects of many different 
sizes and shapes. However, bar-code systems have sev- 
eral undesirable limitations. They can be read only along 
a line-of-sight, require the reader to be positioned rela- 
tively close to the label being read, can produce false 
readings in the case of very dirty or obscure labels, and 
also require that the reader be properly oriented relative 
to the label. 

RF transponders have also been developed that pro- 
vide an identification code, or at least an indication of the 
presence of the transponder. An interrogator transmits 
an RF signal that is picked up by the transponder 
antenna. The antenna either powers a droit that is 
included in the transponder and retransmits an identifi- 
cation code, or couples back to the interrogator in the 
case of an " I am here" system in which only the presence 
of the transponder, not its identification, is sensed. Trans- 
ponders provide an identification mechanism that can be 
read even when the transponder is not within the sight 
of the interrogator, operate at longer ranges than bar 40 
code systems, are not subject to errors because of dirt 
accumulation, and do not require any particular physical 
orientation between the transponder and the interroga- 
tor. 

Most transponders consist of a coil of wire that is as 
stuck together during manufacture to form a relatively 
stiff planar body. A small printed circuit board that 
includes an IC chip for the identification code, and also 
a chip capacitor, are glued to the coil, which is then typ- 
ically laminated between two sheets of plastic to produce so 
a product with an appearance like a credit card. The 
capacitor is selected so that, together with the coil induct- 
ance, it forms a tuned circuit that resonates at the inter- 
rogator frequency to enhance the coupling of energy into 
the transponder circuit. More recently, transponders ss 
have been developed in which a capacitor is integrated 
into the IC chip, rather than as a discrete device. Atypical 
transponder system that transmits an identification code 
in response to an interrogation signal at its tuned fre- 



quency is described in U.S. Patent No. 4,730,188 to Mil- 
heiser. 

In the case of an "I am here" transponder system, 
which is useful for example in electronic article surveil- 
lance systems, an aluminum antenna coil has been 
formed on opposite sides of a dielectric sheet by stamp- 
ing or embossing, the use of metalized thin films or con- 
ductive paints, or bonding pre-cut spiral patterns onto the 
sheet. The two halves of the coil on opposite sides of the 
sheet are aligned with each other, producing a self- 
capacitance that results in resonance at the desired fre- 
quency. Such a system is described in U.S. Patent No. 
4,598,276 to Tart. The antenna coil's serf-capacitance 
eliminates the need for a discrete capacitor, or reduces 
the size of any additional capacitor that may be required. 

While transponder systems have advantages over 
bar-code systems in their ability to read an identification 
code from a distance, a typical transponder is consider- 
ably more expensive than a bar-code label, and available 
transponders cannot easily be affixed to a wide variety 
of objects with different sizes and shapes. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a new type 
of transponder that retains the advantages of prior trans- 
ponder systems in reading an identification code at rel- 
atively long distances, yet is less costly to manufacture 
and can be easily attached to many different types of 
packages to be identified. 

These goals are achieved by fabricating a trans- 
ponder on a single side of a flexible dielectric substrate, 
with an adhesive on the opposite side of the substrate 
for adhering the transponder to an object to be identified. 
A peel-off sheet preferably covers the adhesive until the 
transponder is placed in use. A serf-capacitance is estab- 
lished within the antenna coil by a wide antenna lead for 
connection to the transponder circuit, and crossing the 
lead over the much narrower turns of the antenna. The 
lead is insulated from the underlying antenna turns by a 
dielectric material, thus forming crossover capacitances 
that collectively establish the desired antenna resonant 
frequency. 

The total self-capacitance varies with the width of 
the lead line. If the capacitance is insufficient to establish 
resonance at the desired frequency, a discrete capacitor 
can be added to the substrate by a pair of conductive 
sheets that are separated by a dielectric adhesive. Any 
such discrete capacitor is considerably smaller than the 
capacitor that would be needed in the absence of the 
cross-over self-capacitances. 

These and other features and advantages of the 
invention will be apparent to those skilled in the art from 
the following detailed description, take together with the 
accompanying drawings. 
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BRI^F PEgQRIPTIQN OF THE PRAWINGg 

FIG. 1 is a plan view of a transponder incorporating 
the invention; 

FIG. 2 is a sectional view taken along the section 
line 2-2 of FIG. 1; 

FIG. 3 is an enlarged fragmentary plan view illustrat- 
ing the self -capacitance antenna crossovers used 
by the invention; and 

FIG. 4 is a partially schematic block diagram of an 
RF communication system that can be used with the 
invention. 

P ETAIIEP D ESCRIP TION O F T HE INV E NTIO N 

Rather than laminating the transducer between 
plastic sheets or providing the antenna coil on opposite 
faces of a substrate as previously, the present invention 
places all of the transducer components on one side of 
a substrate. This leaves the opposite side of the sub- 
strate free to be used for attachment to an object to be 
identified. Furthermore, a specially modified antenna 
configuration makes it possible to eliminate, or at least 
significantly reduce the size of, a separate capacitor that 
would otherwise be required to establish a resonant 
operation. 

A simplified embodiment of the new transducer is 
shown in FIGs. 1 and 2, which are not directly to scale. 
The transducer is fabricated on a flexible dielectric sub- 
strate 2 that can be formed for example from paper or a 
flexible plastic. The substrate size will generally depend 
upon the required antenna size; a standard 8 1 >£x1 1 inch 
(2 1 .6x27.9 cm) sheet is suitable for a resonant frequency 
of 125 KHz. 

An antenna coil 4 is fabricated on one side of the 
sheet around an open central area. The coil is preferably 
formed from aluminum printed directly on the substrate 
by stamping or embossing. Although only four antenna 
turns are illustrated, a typical transponder can have on 
the order of 100 turns. Typical dimensions for the 
antenna line 6 are a width of 0.02 inch (0.51 mm) and a 
height of 0.0007 inch (17.8 micrometers). 

An IC chip 8 that is secured to the substrate by a 
suitable adhesive 10 includes a memory section with an 
identification code for uniquely identifying an object to 
which the transponder is attached. The code can either 
be stored in the chip during its fabrication, or written into 
the chip later in the case of a writable memory. The coil 
4 energizes the chip when it receives an interrogation 
signal, and rebroadcasts an identification code transmis- 
sion back to a receiver (which is commonly integrated 
into the interrogator, also referred to as an 
exciter/receiver or reader). 

The inner end 12 of the coil is connected directly to 
the IC chip, while its outer end 1 4 is connected by a lead 
lin 1 6 that crosses over the intervening coil turns to pro- 
vide a second energizing input to the chip 8. As 
described in further detail below, the lead line 16 is con- 
siderably wider than the width of the antenna line in any 



individual turn. It is separated from the antenna coil by a 
dielectric layer 18, thus forming a capacitive element at 
each crossover site between the lead 16 and an under- 
lying coil fine 6. The dielectric 18 can be implemented 

s either as a dielectric adhesive, or as a thin film dielectric 
with a thin adhesive on opposite sides to secure th lead 
line 16 over the coil. 

The width of the lead 1 6 and the thickness and die- 
lectric constant of the dielectric layer 18 are preferably 

io selected to establish a collective cross-over capacitance 
that, together with the coil's inductance, establishes res- 
onance at a desired transmission frequency, such as 1 25 
or 400 KHz. However, in the case of a small substrate 
such as 1 .5x1 .5 inch (3.8x3.8 cm), the cross-over capac- 

is itance might not be great enough for resonance. In that 
case a discrete capacitor 20 formed from upper and 
lower metal foil plates 22 and 24 and an intervening die- 
lectric layer 26 can be provided on the same side of the 
sttostrate as the coil 4, within the coil turns. The lower 

20 plate of this optional capacitor is secured to the substrate 
2 by a suitable adhesive. Its opposite plates are con- 
nected to the same chip inputs as the Inner coil end 12 
and the lead line 16, so that the discrete capacitance 
adds to the sum of the cross-over capacitances. 

25 All of the elements described thus far are formed on 
the same side of the substrate 2, and except for the small 
IC chip 8 they are all thin enough to allow the substrate 
to be flexed. The chip 8 is small enough so that it does 
not significantly interfere with the substrate flexibility. The 

30 opposite side of the substrate from the transponder ele- 
ments is coated with an adhesive 28 that allows the 
transponder to be adhered to an object for identification 
purposes. The adhesive 28 is covered with a sheet of 
glossy peel-off paper 30 or other suitable removable cov- 

35 ering that exposes the adhesive only when it is desired 
to attached the transponder to a particular object. Once 
the sheet 30 has been removed, the transponder can b 
adhered, for example, to a piece of luggage that is moved 
on a conveyor belt past an interrogator in an airport auto- 

40 mated luggage handling system for identification and 
movement to the proper location. The binding strength 
of the adhesive 28 is preferably selected to ensur that 
the transponder remains on the luggage during transit 
but is low enough for the transponder to be peeled away 

45 from the luggage when desired. 

FIG. 3 is an exploded view illustrating a portion of 
the antenna coil, with the lead line 16 crossing over a 
series of coil lines 6. Although only six coil lines are illus- 
— trated, a typical winding might include on the order of 100 

so turns. The width W of the lead line 1 6 is generally at least 
ten times the width of the individual coQ lines. It is pref- 
erably selected to produce a collective cross-over capac- 
itance that, together with the coil's inductance, sets the 
coil's resonant frequency at the interrogation frequency; 

55 the cross-over areas 31 are indicated by shading in the 
drawing. For example, assume that the coil has 100 
turns, the dielectric 18 between the lead fine and the 
underlying coil is 0.001 inch (25 micrometers) thick with 
a cfielectric constant (K) of 3.2, the operating frequency 
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is 125 KHz and the coil inductance is 3 millihenries. 
Working from the standard formula for resonant fre- 
quency f=1/2n VCC , the desired capacitance for reso- 
nance is 53.56 picofarads. Assuming further that the 
width of each coil turn is 0.02 inch (0.51 mm), the lead & 
width W can be determined from the standard formula 
for a two-plate capacitor: C=0.225kA/t, where A is the 
plate area is square inches and t is the dielectric thick- 
ness in inches (C=0.0885kA'A'. where A' is the plate area 
in err? and t' is the dielectric thickness in cm). With the w 
equivalent "plate" area equal to the number of crosso- 
vers multiplied by the product of W and the width of each 
coil turn, the desired W for resonance is 0.372 inches 
(0.945 cm). 

The IC chip 8 can generate an identification code in 75 
a conventional manner, such as that described in U.S. 
Patent No. 4,730,188 to Milheiser. A suitable communi- 
cations system, similar to that described in the Milheiser 
patent, is shown in block diagram form in FIG. 4. Various 
available exciter/receivers can be used, such as the 20 
MINIREADER or MAXIPROX readers by Hughes Iden- 
tification Devices. Inc. The exciter/receiver 32 is shown 
as consisting of three main functional units: an exciter 
34, signal conditioner 36 and demodulation and detec- 
tion circuits 38. The exciter 34 includes an AC signal 25 
source 40, followed by a power driver 42 that provides a 
high current excitation signal to an interrogator antenna 
coil 44 through a capacitor 46. The interrogator coil 44 
and the capacitor 46 are selected to establish a series 
resonant circuit that resonates with minimum impedance so 
and maximum current at the excitation signal frequency. 

The signal conditioner 36 connects to the interroga- 
tor coil 44 and serves to amplify the identification signal 
returned from the transponder, whilef iitering out the exci- 
tation signal frequency as well as other noise and unde- 35 
sired signals outside the frequency range used by the 
transponder signals. It includes a bandpass filter/band- 
stop filter 48 that actively passes the identification code 
signal frequencies returned from the transponder and 
passively excludes the high energy at the excitation f re- 40 
quency, and an amplifier 50. 

The amplified output of the signal conditioner 36 is 
fed to the demodulation and detection unit 38, which 
includes a frequency shift keyed (FSK) demodulator 52 
and a microcomputer 54. The FSK demodulator 52 is a 4S 
phase-locked loop circuit configured as a tone decoder 
which gives a digital output as the signal from the trans- 
ponder shifts between two frequencies. The microcom- 
puter 54 extracts the identification code from this digital 
output by observing the timing of transitions between the so 
two logic levels. The identification code obtained by the 
microcomputer 54 can be transferred to a display or 
printer, sent over communication lines to a remote point, 
stored on tape, disk or other storage medium, or sent to 
another computer. ss 

The transponder includes the antenna coil 4, which 
receives magnetic flux generated by the interrogator coil 
44 and couples energy at the exciter frequency into the 
transponder. This energy is converted to a DC voltage 



using a full-wave rectifier bridge 56 and a smoothing 
capacitor 58. This DC voltage supplies the power to a 
control logic and identification memory circuit 60. 

The control logic 60 consists of counters and gates 
which sequentially read out the contents of the identifi- 
cation memory 60b. The logic 60a also inserts a sync 
word into the signal data stream to allow the 
exciter/receiver to synchronize to the data. The excita- 
tion signal which appears on the transponder coil 24 is 
supplied to the control logic to provide a clock signal. The 
control logic circuit 60a converts the serial data and sync 
stream into a frequency shift keyed (FSK) waveform, 
which is connected to the transponder coil 4 through 
complementary current syncs, to transmit the FSK iden- 
tification signal. The transmitted signal is received by the 
interrogator coil 44 due to the mutual inductance 
between it and the transponder coil 4, and is amplified 
by the signal conditioner and detected. The components 
of the exciter/receiver 32 can be implemented as either 
different units which are connected to one another, or 
wired together as a single unit. 

The sum of the various crossover capacitances is 
represented by a single collective capacitor 62 con- 
nected in parallel with the transponder winding 4. 
Although theoretically the transponder could operate 
without a resonant circuit in the presence of a sufficiently 
strong exciting field, the establishment of a resonant 
operation allows for a much more efficient coupling of 
excitation energy into the transponder. This in turn 
makes if practical to locate the exciter/receiver 32 a sub- 
stantial distance away from the transponders. 

While a particular embodiment of the invention has 
been shown and described, numerous variations and 
alternate embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be limited 
only in terms of the appended claims. 

Claims 

1 . An RF (radio frequency) transponder, comprising: 
a substrate (2), 

an electrical transponder circuit (8) on said 
substrate (2). 

an antenna coil (4) on said substrate (2) 
formed from multiple turns of an antenna line (6), 
with spaced locations (12, 14) on said antenna (4) 
connected to couple an RF input signal to said circuit 
(8), one (14) of said antenna locations (12, 14) being 
connected to said circuit (8) through a lead (1 6) that 
crosses over the antenna turns, and 

a dielectric material (18) separating said lead 
(1 6) from said antenna turns at said cross overs to 
produce crossover capacitances between said lead 
(16) and said antenna turns. 

the width (w) of said lead (1 6) being substan- 
tially greater than the width of said antenna line (6) 
to yield crossover capacitances that establish a res- 
onant frequency for communicating with said circuit 
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(8) through said antenna coil (4) at a predetermined 
RF frequency. 

2. The RF transponder of claim 1 , characterized in that 
said lead (16) is at least ten times wider than said 
antenna line (6). 

3. The RF transponder of claim 1 or claim 2, charac- 
terized in that said transponder circuit includes a 
capacitor (20) that adds to said crossover capaci- 
tances to establish said resonant frequency for the 
transponder. 

4. The RF transponder of claim 3, characterized in that 
said capacitor (20) is discrete from the remainder of 
said circuit. 

5. The RF transponder of claim 4, characterized in that 
the remainder of said circuit is fabricated on an IC 
(integrated circuit) chip (8) that is adhered to said 
substrate. 

6. The RF transponder of claim 4 or claim 5, charac- 
terized in that said capacitor (20) comprises a pair 
of conductive sheets (22, 24), with one (24) of said 
sheet (22, 24) adhered to said substrate (2) and the 
other sheet (22) adhered to the first sheet (24) by a 
dielectric adhesive (26), said capacitor (20) having 
a substantially larger area than the remainder of said 
circuit 

7. The RF transponder of any of claims 3 - 6. charac- 
terized in that said circuit (8), antenna coil (4), 
antenna lead (16) and capacitor (20) are all located 
on the same side of said substrate (2). 

8. The RF transponder of any of claims 1 - 7, charac- 
terized in that said transponder circuit stores an 
identification code that is read out by energizing said 
antenna coil (4) with an RF signal at said predeter- 
mined RF frequency. 

9. The RF transponder of claim 1 , characterized in that 
said circuit (8), antenna coil (4) and antenna lead 
(16) are all located on the same side of said sub- 
strate (2). 

10. The RF transponder of any of claims 1 - 9. charac- 
terized by an adhesive (28) on the opposite side of 
said substrate (2) from said circuit (8), antenna coil 
(4) and antenna lead (16). 

1 1 . The RF transponder of claim 10. characterized by a 
peel-off cover (30) over said adhesiv (28). 

1 2. The RF transponder of any of claims 1-10. charac- 
terized in that said substrate (2) is formed from a flex- 
ible material. 



13. The RF transponder of any of claims 1-12, charac- 
terized in that said circuit (8) is fabricated on an IC 
(integrated circuit) chip (8) that is adhered to said 
substrate (2). 

5 

14. An RF transponder, comprising: 

a substrate (2), 

an electrical circuit (8) on said si&strate (2) 
that includes a memory storage (60b) for an identi- 
io fication code. 

a multi-turn antenna (4) on the same side of 
said substrate (2) as said circuit (8). said antenna 
(4) communicating with said circuit (8) to energize 
the circuit (8) and to radiate its identification code in 
is response to a received RF signal at a predetermined 
resonant frequency, and 

an adhesive (28) on the opposite side of said 
substrate (2) from said circuit (8) and antenna (4) for 
adhering the transponder to a body to be identified. 

20 

15. The RF transponder of claim 1 4, characterized by a 
peel-off cover (30) over said adhesive (28). 

16. The RF transponder of claim 14 or claim 15, char- 
25 acterized in that said substrate (2) is formed from a 

flexible material. 

17. The RF transponder of any of claims 14-16. char- 
acterized in that said circuit (8) is fabricated on an 

so IC (integrated circuit) chip (8) that is adhered to said 
substrate (2). 
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